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CHAPTER I 
THE SETTING FOR A TEACHING-LEARNING SITUATION 
1. The Problem Defined 
The nature of the problem.-- The purpose of this study 
is to apply in a specific situation the basic principles set 
forth in the course The Unit Method in Secondary Schools given 
at Boston University and the book Fundamentals of Secondary-
!/ School Teaching by Roy o. Billett to the unit organization 
and presentation of the topic Simple Machines to 54 ninth-
grade students in general science. 
Many methods of teaching by many educators have been ad-
vanced. Something is to be gained from the study of each. 
How are such contributions to effective teaching to be iden-
tified? Whenever and wherever such methods take into consid-
eration the truly basic patterns of the psychology of learn-
ing n •••• tbat each response of the organism, physical or men-
tal, in some way involves the total organism, the whole indi-
vidual, and that, hence, valid laws of learning must take this 
gj 
fact into account.tt If only to seek out what constitutes 
a good assignment, a well-prepared demonstration, or a test 
!/Roy o. Billett, Fundamentals of Secondary-School Teaching, 
Houghton Mifflin Company, Boston, 1940, xvi - 671 PP• 
y'Ibid., p. 74. 
-1-
2 
item that really measures something, research into such works 
contributes to the desirable but unattainable goal of which 
education aspires: the perfect method of teaching. The unit 
method presently is unique in that it is a way of teaching 
that is not new in itself, but that it is synthesis of the 
good aspects of good teaching that have been developed in the 
past. Any departure from purely traditional linea by a method 
presupposes supplementation or growth not supplantation of all 
practices of the past good or bad. 
Simple Machines as a grade-nine topic.-- The topic Sim-
ple Machines has been proved by experience and research to be 
of great importance as a ninth-grade topic and should be in-
cluded amoung the minimum essentials in any plan of instruc-Y 
tion adopted by the teacher of general science. This topic 
along with eight to twelve other topics has long made up one 
of the major learning sequences of ninth-grade science. Sci-
ence teaching is at its worst when it becomes an array of iso-
lated facts. Frequently far too many topics, each an end in 
itself, are attempted in any one course. In such cases inte-
gration of the subject matter with other aspects of life, in-
school and out-of-school, is at a minimum. The student stud-
ies a vast quantity of unrelated facts. Here true learning 
or, to be realistic, the scientific method has a difficult 
!fotis w. Caldwell and Francis D. Curtis, Everyday Science, 
Ginn and Company, Boston, 1952, p. iii. 
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setting in which to develop. The unit method can combat this 
evil of mere fact gathering. As a result of the unit method's 
greater teacher-preparation requirement, many aspects of other 
topical areas are incorporated into the scheme of things there-
by vastly enhancing integration with other units in the same 
course. This is not to infer that we try to teach all that 
there is to be learned about a topic in one presentation: 
"There is a spiralling of experiences with a varying treat-
ment and an attempt at an enlargement of understanding of the 
same scientific generalization at each advancement in grade." 
y 
The degree to which we extend a course toward difficulty or 
simplicity from a norm is dependent upon the age levels, ap-
titudes, abilities, and interests of the students to be taught. 
The unit must be a well differentiated tool if something in 
the form of educative growth is to be gained by its use. 
Briefly it permits, even encourages, teachers to experiment 
with the Dalton plan, the Winnetka plan, the activity curric-
ulum, the use of out-of-school life, educational tours, and 
y' 
other newer types of teaching procedures. 
The pupils to be taught.-- The unit assignment and cor-
responding unit of work were made up for and administered to 
54 general science students at the South Junior High School, 
!/Harl R. Dougiass (Chairman), The High-School Curriculum, 
The Ronald Preas Company, New York, 1947, p. 466. 
2/Ward G. Reeder, The Fundamentals of Public School Admin-
istration, The Macmillan Company, New York, 1941, p. 624. 
south Weymouth, Massachusetts. The pupils represented two 
divisions that met separately. One division of 28 members 
4 
comprised students of the college-preparatory course and a 
group aspiring to business occupations. In this division 
there were 21 boys and 7 girls. The other division of 18 
boys and 8 girls was of a general nature: the boys preparing 
for industry through shop courses, the girls taking courses 
in homemaking. The unit was presented to both divisions in 
the same manner and the same allotted time allowed each. 
In an effort to learn more of the students, their likes 
and dislikes in school, their time consuming extra-activities, 
the writer administered the following interest inventory to 
y' 
them (a copy of this as actually presented to the students 
will be found in the appendix): 
INVENTORY OF INTEREST AND GENERAL INFORMATION 
Directions: Please take this questionnaire home and care-
fully answer each item. Return it to your teacher as 
soon as it is completed. All information obtained will 
be kept confidential. 
1. Name 
---------------------------------- Age 
2. What do you find most difficult in the study of 
science? 
3. What do you think is the underlying reason for such 
1/Some of the items contained in this questionnaire were ex-
tracted from: Elbert Eugene Rogers, Unit Or~anization of 
Ttie Topic: Water, Unpublished Masterf s '!•fies s, Boston Univer-
my, 1948. 
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difficulty? 
4. What school subject do you do your best work in? 
5. What school subject do you do your poorest work in? 
6. What school subject do you like the most? 
7. Wbat school subject do you like the least? 
8. Do you have a hobby or interest in a special field? 
If so., what is it? 
9. In what extra-activities do you take part while at 
school? 
10. Do you have an after school job or some sort of Sat-
urday job? If you have., name it and state the ap-
proximate time it requires of you each day. 
11. Father's occupation? 
12. Mother's occupation? 
13. Encircle the highest year completed in your father's 
education: 
elementary and secondary school: 1, 2, 3., 4., 5, 6, 
7, 8, 9, 10, 11., 12. 
college: 1, 2, 3, 4, 5, 6, 7, 8. 
14. Encircle the highest year completed in your mother's 
education: 
elementary and secondary school: 1, 2, 3, 4, 5, 6, 
6 
71 8, 91 101 111 12. 
college: 1, 2, 3 1 4, 5 1 6, 7, 8. 
15. What do you like to do during your leisure time while 
out of school? ----------------------------------------
16. In what field of work are you interested and are pre-
paring for while in school? 
The results of the inventory showed that 22 students found 
the problem and formula work in science their greatest diffi-
culty. In the reasons given for this trouble 12 pupils said 
· that they were poor in math1 4 pupils stated that the teacher 
covered the . material too rapidly1 and 4 thought that the work 
was just too difficult. Limiting the tabulation of responses 
to science 1 general math1 and algebra: 15 students thought 
that they did their best work in science, 1 student considered 
algebra his best subject, and 4 students thought that they did 
their best work in general math. In answering the question 
as to what subject they did their poorest work in: 15 checked 
general math, 9 checked science, and 9 checked algebra. In 
naming the subject in school liked most: 16 indicated science, 
2 indicated general math, and 3 indicated algebra. Eight stu-
dents said that they liked science the least, 11 said that 
:t ·ney: disliked general math, and 3 disliked algebra. Most stu-
dents indicated that they had a hobby of some sort. Eighteen 
students stated that they had some type of after school or 
7 
Saturday work to per£orm. 
Table 1 shows the occupational and educational status o£ 
the parents o£ the pupils taught. In general, tbe households 
were of a middle class order. This in£ormation was also gath-
ered by the interest inventory and proved itsel£ quite use£ul 
when the writer was concerned with the student's home environ-
ment. It was also an aid in his helping the students to se-
lect optional-related activities in accordance with their in-
terests. 
Table 1. occupation and Educational Background of Parents 
o£ 54 Students in Ninth-Grade General Science 
Occupation Education 
Pupi~ '· (year completed) 
Father Mother Father Mother 
(1) (2) (3) (4) (5) 
1 Tube-fitter Secretary 12 12 
2 Unemployed Hostess 
- -3 Engineer Housewife 6 Col 2 Col 
4 Toolmaker Housewife 9 12 
5 Milkman Housewife 12 8 
6 Detective Housewife 2 Col 12 
7 Fireman Waitress 12 12 
8 Prod. Engr. Housewife 4 Col 12 
9 Deceased Housewife 
-
10 
10 Retired Housewife 1 Col 3 Col 
11 Scb.oolteacb. Housewife 4 Col 12 
12 Dra£tsman Housewife 11 12 
13 Carpenter Housewife 8 12 
14 Munitions Housewife 8 
-15 Dra£tsman Housewife 2 Col 2 Col 
(continued on next .page) 
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Table 1. (continued) 
,_Occupation Education 
Pupil '(year completed) 
Father 'Mother "Father ~Mother 
(i) {2) (3) (4:) (5) 
16 Foreman Housewife 2 Col 12 
17 Unemployed Writer 2 Col 12 
18 Electrician Housewife 12 12 
19 Forester Housewife 4 Col 2 Col 
20 Garage Mgr. Housewife 10 12 
21 Painter Housewife 12 12 
22 Coppersmith Housewif'e 12 10 
23 Inspector Housewife 12 12 
24 Cabinet Mkr. Tubetester 12 12 
25 Maintenance Housewife 12 8 
26 Carpenter Waitness 10 12 
27 Carpenter Housewife 4 8 
28 Machinist Housewife 8 12 
29 Plumber Housewife 9 12 
30 Painter Tel. Oper. 12 12 
31 Steelcutter Housewife 6 12 
32 Deceased Factory 12 12 
33 Truckdriver Housewife 10 12 
34 Army Cleaner 12 12 
35 Businessman Housewife 12 6 
36 Soap Factory Housewife 8 11 
37 Unemployed Tube tester 12 12 
38 I.B.M. Hrusewife 12 11 
39 Plasterer Saleslady 11 12 
40 Factory Wkr. Shoe Fact. 8 9 
/ 
41 Bulldozer Housewife 9 8 
42 Engineer Bankteller 12 2 Col 
43 R.R. Yard Tubetester 12 12 
44 Store Mgr. Housewife 8 10 
45 Welder Housewife 10 12 
46 Supply Mgr. Housewife 12 12 
47 Milk Co. Mgr Housewife 12 1 Col 
(concluded on next page) 
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Table 1. {concluded) 
'occupation Education 
' Pupil 
.{year completed) 
: 
Father Mother Father Mother 
(1) (2) (3') (4) (5) 
48 Carpenter Housewife 8 12. 
49 Carpenter Housewife 12 12 
50 Unemployed Nurse 12 12 
51 Painter Housewife 8 10 
52 Construct. Shoe Stitch. 10 10 
53 Traffic Mgr. Housewife 12 10 
54 Mech. Draft. Housewife 12 10 
In September, 1954, all studmts took the California 
Short-Form Test of Mental Maturity, Intermediate Level. This 
was the only criterion on which their intelligence quotient 
had been based since the sixth grade. The test, divided into 
four parts, measured: (1) spatial relations; (2) logical rea-
soning; (3) numerical reasoning; and (4) verbal concepts. 
Column 3 of Table 2 lists the chronological ages of the stu-
dents and column 4 lists their mental ages. In column 5 is 
given the total mental factor (I.Q.) derived from this test. 
Column 6 indicates their tentative chosen fields as stated in 
item 16 of the interest inventory (page 6). It is to be noted 
that in many instances certain students' chosen fields repre-
sent degrees of aptitudes and abilities that correlate well 
with their intelligence quotients~ 
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Table 2. Measurement of Intelligence Results and Tentative 
Pupil 
(1) 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
Chosen Fields of 54 Students in Ninth-Grade Gen-
eral Science 
' Sex C.A. M.A. I.Q.. Chosen Field 
' 
(2) (3) (4) (5) (6) 
I 
:M 14-6 15-2 105 u.s. Service 
M 14-6 15-3 105 Engineering 
M 14-8 14-9 101 Electrical Engr. 
M 14-0 13-1 94 Electronics 
M 15-5 14-2 93 Carpentry 
M 14-4 17-5 122 Nuclear Physics 
M 13-6 14-2 105 Veterinarian 
M 14-1 14-4 103 Engineer 
M 13-11 14-8 106 Undecided 
M 13-11 13-11 100 Electrician 
M 13-10 14-5 105 Engineering 
M 13-10 14-8 106 Undecided 
M 15-3 13-1 92 Radio Announcer 
M 14-4 13-11 98 Undecided 
M 14-8 14-9 101 Undecided 
M 13-9 12-9 93 Aircraft Mech. 
M 13-9 16-1 118 Electronics 
M 14-3 15-1 107 Undecided 
M 13-10 15-9 114 Undecided 
M 14-3 14-7 103 Aviation 
M 14-5 13-9 95 Undecided 
M 14-1 11-5 82 Mechanics 
M·· 14-0 12-3 88 Auto Repair 
M 13-7 12-7 93 Cabinet Mkr. 
M 15-2 13-9 90 Machinist 
M 14-0 13-7 97 Business 
M 15-10 15-5 97 Auto Mech. 
M 13-8 14-6 106 Undecided 
M 14-7 14-0 97 Plumber 
M 14-1 15-9 113 Aviation 
M 14-0 13-8 99 Carpentry 
M 14-11 14-0 95 Undecided 
(concluded on next page) 
Table 2. (concluded) 
•Pupil 'Sex C.A. M.A. I.Q. \Chosen Field 
(1) {2) (3) (4) (5) (6) 
33 M 15-2 12-6 83 Sheetmetal Vlkr. 
34 M 14-10 14-4 98 Sheetmetal V'w'kr. 
35 M 14-11 12-2 81 Truckdriver 
36 M 16-1 15-3 91 Business 
37 M 14-6 12·6 87 Undecided 
38 M 15-3 12-10 84 Carpentry 
39 M 14-11 11-9 79 Undecided 
40 F 15-3 14-4 94 .Medical Field 
41 F 14-7 13-6 94 Secretary 
42 F 13-11 14-9 105 Bankteller 
43 F 14-2 15-9 110 Physicist 
44 F 14-1 13.;.2 94 Undecided 
45 F 14-6 14-11 103 Clerical 
46 F 14-10 13-10 94 Secretary 
4'7 F 14-0 13-10 99 Medical Field 
48 F 15-8 13-6 85 Undecided 
49 F 13-8 12-1 88 Undecided 
50 F 14-3 14-8 104 Secretary 
51 F 13-10 13-2 95 Of'f'ice Work 
52 F 13-11 14-8 105 Housewife 
53 F 13-11 13-8 98 Stenograpy 
54 F 15-0 12-4 84 Dancing Instr. 
.. 
2. Solving the Problem 
The classroom.-- Figure 1 is a scaled drawing of the 
classroom used. The school itself was completed in Sept-
ember, 1951, so the interiors are modern and up-to-date. 
This classroom, outfitted f' or science, accommodated 36 pu-
pils seated at experimental bench-type desks, one per 2 
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Figure 1. Drawing of Room 210, Science, 
of the South Junior High School, 
South Weymouth, Massachusetts. 
Approximate Scale -- 1 : 72 
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students, firmly bolted to tbe f'loor. Its dimensions were 34 
f'eet by 23 feet. Ample counter and shelf' space lined tbe lef't 
wall up to the window-sill. Modern small-sash windows af'f'ord-
ed suf'ficient natural ligbting also f'rom the lef't. The inte~ 
rior color scheme was according to the most up-to-date speci-
f'ications. Chalkboards lined tbe f'ront and right walls inter-
spaced by tackboards. The door at the lef't-f'ront of' the room 
led off' to a 7 f'oot by 19 foot storeroom f'or equipment. At 
the front of the room were the teacher's desk and a large dem-
onstration desk of durable construction providing illuminat-
ing gas jets and a sink. 
Equipment and supplies.-- In preparation f'or the actual 
presentation of' the unit various mechanical devices and parts 
of a number of machines accumulated by the teacher over the 
years were placed on the counters and lecture desk. Avail-
able were many parts of the bicycle, the automobile engine 
well represented, models of the steam turbine and steam en-
gine, pulleys, gears, bearings, and wbeels. There was a model 
display for each of' the six simple machines illustrating mecb-
anical advantages. Sundry apparatus also were for use: (1) 
a system of single, double, and triple pulleys; (2) spring 
scales and balances; (3) a balanced meter-stick; (4) a series 
of weights; (~) a windlass demonstrator; (6) many types of 
screws; and (7) wedges for various uses. 
A classroom library was established for the unit. All 
14 
reference books referred to in the students' general activity 
guides were available for use. The periodicals on the stu-
dents' book lists were in the school's central library and 
could be had at any time. A number of other books on simple 
machines were a part of the teacher's library. These were 
available to all students for further study and investigation. 
Duplicating materials and processes were easily had at 
the school office. Master copies prepared by the teacher were 
duplicated by the office secretary and selected students work-
ing under her. 
Audio-visual aids presently available were: (1) a film-
strip projector; (2) a sound-film projector; {3) an opaque 
projector; and (4) an overhead view-graph. During this study 
use was made of the film-strip and scund-film projectors. 
Pooling and sharing experiences.-- The general activity 
guide consisted of 70 items. This number of items was far too 
many for each student to do individually in the allotted time 
given over to teaching the unit of 5 weeks, each class meet-
ing 4 times per week. Therefore, the writer selected 38 items 
that seemed to lend themselves more easily to individual work 
and designated them by asterisks. These were to be done by 
all students. The other 32 items, including all that were of 
a demonstration nature, were evenly distributed amoung groups 
of 3 and 4 students and were to be done by these groups work-
ing in committees. Background to the proper solution to a 
~5 
given item worked on individually was often developed in the 
demonstration items intermittently spaced throughout the ac-
tivity guide. Therefore, those items had to be covered at 
logical times. So that a given group that · was responsible for 
such items would be sufficiently prepared to present the dem-
onstrations, certain committees met during class time to sum 
up and d ,ivide the labor of that item that was to be presented 
shortly while the rest of the class worked individually. By 
this procedure pooling and sharing experiences were going on 
•' 
from time to time throughout the developing unit. For this 
to be effective the teacher prompted the demonstrators so that 
the concepts involved in the presentations were not insuffi-
ciently brought out and overlooked. The mathematical signif-
icances of the demonstrations were difficult for the students 
to point out. 
At the close of the period of individual study and in-
vestigation the students met again in committee to sum up 
the items for which they were responsible and reported on 
them to the other members of the class. Here were also brought 
forth the special projects and reports selected by the students 
from their list of optional-related activities. Those stu-
dents who so had the time and desire to delve i nto such special 
activities were given time to share their findings with the 
class. 
Evaluative activities.-- A test of 80 items was built 
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by the teacher and based on the general statement of the unit 
and the unit's delimitation. This test, divided into 6 parts, 
consisted of: (1) multiple-choice items; (2) items of diagram 
interpretation followed by true-false items; (3) items of dia-
gram interpretation followed by completion items; and (4) 
problems on all simple machines. These interpretation diagrams 
were similar to situation-type test items that one augments 
by additional questions and problems used to bring forth and 
identify any educative growth the student may have acquired. 
(A copy of this test as actually presented to the students 
will be found in the appendix.) 
This test was administered to the students as a pretest 
at the beginning of the unit and again at the end of the unit 
as a final test. As a preliminary measure, the teacher mi-
meographed a short preface to the test, passed out one to each 
student, and asked them to read it carefully before starting 
the test. The preface assured the students that this test 
was to find out only what knowledge they actually possessed 
at the time on simple machines. The score they earned on this 
test would not in any way hinder their final mark for the 
term. It made clear to the students the fact that the teach-
er realized they probably knew very little about the subject 
but, nevertheless, they were to do the best they could on the 
test. In a similar manner, another such notice was given to 
each student before they took the final test. This time they 
were assured that the score they earned would count a great 
deal toward their final mark for the term. 
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The students were allowed 2 periods to take the pretest 
and 2 periods to take the final test. The test was long e-
nough to become a challenge for even the brightest youngster 
to finish it within the time allotted. It was expected of 
the students to finish at least the first through the fourth 
sections of the test on the first day and to concentrate on 
sections five and six on the second day. If they completed 
part four on the first day they were allowed to continue on 
to part five that period. All students, however 1 could work 
on parts five and six only on the second day. 
Table 3 is a tabulation of results of the pretest and of 
the final test. Highest possible score was 80 items correct. 
Column 2 lists 52 pretest scores. The range of scores was 
from a low of 10 to a high of 63. Column 3 lists 54 final 
test scores that ranged from a low of 26 to a high of 77. 
Each student's pretest and final test rank is given in col-
umns 4 and 5 respectively. Column 6 indicates the gain made 
by each student on the final test over and above the pretest. 
It will be noticed that 2 students had no pretest score 1 pre-
test rank, and hence no gain on the table. This was due to 
prolonged illnesses of the 2 pupils. Work, therefore, had to 
be sent home to these students so that they could get started 
on the unit. A pretest given to them on their return to class 
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would not have been valid as such. 
Table 3. Listings of Pretest and Final Test Raw Scores, Ranks, 
and Gains of 54 Students in Ninth-Grade General .Sci-
ence 
' Raw Score on Rank on 
Pupil I Gain 
Pretest Final Pretest Final ' 
' 
(1) {2} (3) (4) (5) (6) 
1 28 36 17 29 8 
2 
-
60 
-
11 
-
3 63 76 1 2 13 
4 30 66 15 6 36 
5 30 53 15 16 23 
6 38 68 8 4 30 
7 34 56 12 14 22 
8 40 67 6 5 27 
9 37 57 20 13 20 
10 24 50 21 19 26 
11 28 62 17 9 34 
12 26 64 19 7 38 
13 26 62 19 9 36 
14 38 64 8 7 26 
15 55 75 2 3 20 
16 29 61 16 10 32 
17 39 77 7 1 38 
18 29 60 16 11 31 
19 32 54 13 15 22 
20 36 66 10 6 30 
21 35 58 11 12 23 
22 28 41 17 26 13 
23 31 62 14 9 31 
24 14 53 27 16 39 
25 54 63 3 8 9 
26 21 26 23 35 5 
27 39 43 7 24 4 28 25 47 20 22 22 
I 
(concluded on next page} 
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Table 3. (concluded) 
-
Raw Score on Rank on 
Pupil ! Gain 
Pretest Final Pretest Final 
(1) (2) (3) (4) {5) (6) 
29 30 52 15 17 22 
30 45 68 4 4 23 
31 25 36 20 29 II 
32 25 42 20 25 17 
33 25 32 20 33 7 
34 29 57 16 13 28 
35 14 35 27 30 21 
36 29 34 16 31 5 
37 13 44 28 23 31 
38 22 52 22 17 30 
39 19 33 24 32 14 
40 21 60 23 11 39 
41 12 38 29 28 26 
42 31 68 14 4 37 
43 44 67 5 5 23 
44 30 57 15 13 27 
45 
-
48 
-
21 
-
46 18 49 25 20 31 
47 15 27 26 25 27 
48 19 51 24 18 32 49 . 26 29 19 34 3 
50 24 39 21 27 15 
51 24 44 21 23 20 
52 13 48 28 21 35 53 27 47 18 22 20 
54 10 33 30 32_ 23 
Use of the Teacher Log.-- During the entire presentation 
of the unit, from introductory activities through evaluation, 
a log was kept from day to day on the progress of the students 
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and on the unfolding unit. A careful observation was record-
ed on student reaction to various phases of the unit, the de-
sirable outcomes and the shortcomings as well. It was impor-
tant to record (1) what part seemed interesting to the students 
and what other parts seemed uninteresting, (2) that material 
that seemed easier to the pupils and that which seemed more 
difficult, {3) strengths and weaknesses of the general activ-
ity, (4) student interest and response, (5) those references 
used most and those used least, and {6) those items on the 
optional-related activities list that were most popular and 
those that evoked the least interest. 
Pupil-opinion poll.-- At the close of the unit after all 
final tests were taken, the writer wished an evaluation of 
the completed unit and the way in which it was presented from 
the students' points of view. This information would prove 
invaluable for later possible revision of the unit and tech-
niques of administering it. To obtain such an evaluation the y 
students were asked to fill out an inquiry for.m. {A copy 
of this form as actually presented to the students will be 
found in the appendix. A tabulation of the results of this 
inquiry is deferred here to Chapter III.) 
!/Another such inquiry form will be found in: William Robert-
son McGhee, Unit Organization of the Topic: Exponents and Rad-
icals in IntEft'medlate Algebra, Unpublished- ·sarvice Paper 
Boston university, 1948. ' 
CHAPI'ER II 
UNIT ORGANIZATION OF THE TOPIC: SIMPLE MACHINES 
1. Unit of Learning 
General statement of the unit.-- To the general science 
student, a contemporary machine is often considered a device 
of complexity far removed from the scope of' classroom educa-
tion. This impression is dissolved if he can by insight see 
through the outer veil that the finished product called a 
compound machine sets up in appearance. 
A careful survey of all simple machines, their element-
ary combinations, and their functions soon clarifies many 
meanings and ideas not before understood. In levers, pulleys, 
wheel and axles, inclined planes, screws, and wedges will be 
found underlying principles of force and motion out of which 
have grown the vast machine intricacies of today. For only 
with the advent of greater sources of power did man make at-
tempt at complicated mechanisms. 
Man's endeavor has been to ease the burden of life by 
constant development of knowledges of forces, of motion, and 
of moments. In effect, the tremendous project has become a 
mere task by the use of machines all because specific know-
ledges have pooled toward combination, resulting in complex-
-21-
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ity of device but with understanding of components. 
Although there seems to be no parallel development pos-
sible for scientific and social growth, effort must be made 
by both along lines of natural or scientific thinking if new 
social skills which can ultimately cope with the progress of 
discovery and invention are to be found. Labor, industry, 
government, research, all must cooperate in this formidable 
task of finding a way in which all mankind may live peaceably 
together. 
Delimitation of the unit. 
1. Lubrication of a machine retards friction and prevents 
corrosion of metallic parts. 
2. The product of a force and the distance through which 
it moves is called work and is independent of the time 
taken to do it. 
3. When 1 pound of weight is lifted 1 foot, l foot-pound 
of' work is done or: W = F x S. (S being distance) 
4. If a force is exerted bu~ no weight moves, no work is 
done in the technical sense. 
5. There are two types of energy: potential and kinetic, 
each an ability to do work. 
6. Potential energy can refer to an object's position or 
it can refer to a material's chemical instability and 
its ease 'in reacting with oxygen. 
7. In effect, inertia of motion represents kinetic energy. 
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s. If work is done at the rate of 550 foot-pounds per 
second or 3~ 1 000 foot-pounds per minute, the power ex-
erted is one horsepower. Horsepower = 
t is time in seconds. Or: Horsepower = 
where t is time in minutes. 
F X S 
t x 550 ' wnere 
F X S 
9. A machine is a mechanical device that gives back the 
work which was put into it minus frictional losses. 
10. Machines are used for 3 purposes: 
a. to gain force, resistance being greater than force 
b. to gain change in direction 
c. to gain speed or distance, force applied being 
greater than resistance. 
11. General law of machines: the force times the distance 
it moves is always equal to the resistance times the 
distance it moves. Or: E x d = R x d' (minus fric-
tional losses). 
12. Efficiency of a machine with consideration to fric-
tional losses: E = 
cent) 
output x lOO. input (expressed in per 
13. A first class lever gains change in direction and 
either force or distance, fulcrum between force and 
resistance. B x d = R x d 1 • 
14. A second class lever gains force, resistance between 
fulcrum and effort. Ex d = R x d•. 
15. A third class lever gains distance, farce between ful-
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crum and resistance. Ex d = R x d'• 
16. A simple pulley is a continuous first class lever. 
17. A single fixed pulley gains change in direction only~ 
the meehanical advantage being one. 
18. Mechanical advantage: the gain by the use of a machine 
expressed as a whole number greater than the initial 
effort expended for the gain~ the initial effort con-
sidered unity. 
19. A single movable pulley gains force, mechanical advan-
tage of two. 
20. The fixed-movable combination pulley (block and tackle) 
gains force, mechanical advantage equal to the number 
of strands supporting the movable pulley. 
21. The wheel and axle is a modified first class lever, 2 
wheels of different diameters provide 2 lever arms. 
22. The mechanical advantage of the wheel and axle: in 
equilibrium, the force times the radius, diameter, or 
circumference of the large wheel is equal to the re-
sistance times the radius; diameter~ or circv~1erence 
of the small wheel. Or: F x r = R x r'~ where r is 
radius. 
23. In the inclined plane a small force moves a longer dis-
tance to raise a large resistance a shorter distance. 
24. Mechanical advantage of the inclined plane: the force 
times the length of the plane is equal to the resis-
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tance times the height of the plane. Or in equation 
height of plane - ~f~o~r•e;e~~-form: length of plane - resistance 
25. The screw is an inclined plane wrapped around a cylin-
der.-
26. The pitch of a screw is the distance between 2 adja-
cent threads, or the distance the screw moves forward 
in 1 complete turn. 
27. Mechanical advantage of the screw: the force times the 
distance through which it turns (circuro~erence) is 
equal to the resistance times the d~stance it moves 
through (pitch). Or: F X 3.14 x d = R X P• (p being 
pitch and d being diameter of effort arm.) 
28. The wedge, a device with very high frictional losses, 
is a double inclined plane. 
29. The more tapered a wedge is made, the greater the ad-
vantage in force; the more blunt it is the greater the 
advantage in distance. 
30. A compound machine is a combination of two or more 
simple machines. 
31. Belts, chains, and gears are used to transfer motion 
of a kinetic order from one place to another or from 
one machine to another. 
32. Belts, chains, and gears act in the capacity of wheel 
and axles. Therefore, force, distance, or change in 
direction can be gained by the use of them. 
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33. Whatever is gained in force or effort is lost in speed 
or distance when belts, chains, and gears are used. 
34. The mechanical advantage of a compound machine is the 
product of all the advantages of all the simple ma-
chines that make it up. Some are designed to gain 
force, some for distance, and still others for change 
in direction. 
List of probable incidental learning products. 
1. A machine is as efficient as its design allows it to 
be. 
2. In mechanics, energy or force can neither be created 
nor destroyed. 
3. Machines for production and transportation now enable 
the world to support a larger population. 
4. 'I'o gain knowledge of the fact that to every machine 
there is physical limitation, and to understand why 
this is so. 
5. All society is interdependent, progress of one depends 
upon the progress of another. 
6. A machine is not an end in itself, new design and man-
ufacture will always be necessary. 
7. One never gets out of a machine all that he puts into 
it. 
8. A better understanding of the mechanics of science and 
their importance to this world in which we live. 
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9. An appreciation of the magnitude of such men as New-
ton and others that nave gone before. 
10. To see the value in delving into a considerable number 
of sources or references on a given topic. 
11. To realize the importance of the machine in this com-
plex society of ours. 
12. Experience in the use of the tools of construction along 
with the satisfaction gained in completing a worth-
while task. 
13. To understand that no one science contributed solely 
to our vast store~house of knowledge concerning energy 
and its formal application. 
14. Science concerns itself with factual knowledge. tried 
and proven to the best of our ability and based on the 
information presently available. 
List of materials and references for teacher's use only. 
A. Books and Periodicals: 
~. Dull, Charles E., Modern Physics, Henry Holt and Com-
pany, New York, 1948. 
2. Heiss, Elwood D., Ellsworth s . Obourn, and Charles w. 
Offman, Modern Science Teaching, The Mac Millan 
Company, New York, 1950. 
3. Lemon, H. B., From Galilee to the Nuclear Age, Univer-
sity of Chicago Press, Chicago, 1946. 
4. Luhr, o., Physics Tells Why, The Ronald Press, New 
York, 1946. 
5. Lynde, c. J., Science Experiences with Inexpensive 
Equipment, International Text Book Company, 
Scranton, 1941. 
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6. National Science Teachers Association, The Science 
Teacher, 1201 Sixteenth Street, N. w., Washing-
ton, D. C. 
7. Parker, B. M., Science Experiences, Evanston, Row, 
and Peterson, New York, 195~. 
8. Science Education Incorporated, Science Education, 
347 Broadway, Albany, New York. 
9. Science Service Incorporated, Science Newsletter, 1719 
N Street, N. w., Washington 6, b. c. ---
10. Simmons, M. P., The Young Scientist, Activities for 
Junior High School Students, Exposition, New York, 
1951. 
11. Stokley, J., Science Marches On, Washburn, New York, 
1951. 
12. Wells, H., Secondary Science Education, . Me Graw-Hill 
Incorporated, New York, 1952. 
13. White, H. E., Modern College Physics, D. Van Nostrand 
Company, Incorporated, New York, 1948. 
B. Pamphlets, Bulletins, and Manuals: 
1. Department Bulletins of the United States Government, 
Price lists of pertinent bulletins may be obtained 
without charge from the Superintendent of Docu-
ments, United States Government Printing Office, 
washington 25, D. C. 
2. National Science Teachers Association, Time for Science 
Instruction, 1946 Yearbook, Nation Education As-
sociation, Washington, D. c. 
3. Zim, H. s., Science for Children and Teachers, Pam-
phlets, Association for Childhood International, 
Washington, D. c., 1952. 
c. Filmstrips: 
1. Encyclopedia Britannica Films, Incorporated, 
Simple Mac hines. 
2. Elementary Science Series, 
Mechanics I (Levers). 
Mechanics II (Inclined Plane • 
Mechanics III (Pulle s, Wheel and Axle). 
3, Visual Text Sales Company, Levers, Part I, Physics 
Series Number 3 1 Los Angeles, California. 
4. Zwart, Gerrit c., Mechanics I and Mechanics II, Prin-
ciples of Physics, Suffern, New York. 
2. Unit of Work 
Tentative time allotment.-- The unit is to occupy approx-
i mately 20 class periods, or, 5 weeks with 4 periods per week. 
The introductory phase shall be allotted 2 periods, the lab-
oratory and pooling and sharing phases are to be given 8 per-
iods each, and 2 periods are to be used for evaluation of the 
unit. 
Introductory activities.-- Arranged on the teacher's 
desk are working models of all six simple machines. In addi-
tion there are two model steam engines, an electric motor, a 
model turbine, many parts of an automobile's engine, and a bi-
cycle. To introduce the unit, there will be a class discus-
sion on machines, simple and complex, with which the students 
are familiar. 
Concerning the simple machine models the discussion will 
center around such questions as: Where and in what manner 
have you seen devices of this nature used? For what purposes 
were they used? Can you see any gain in the use of such im-
plements? Are there articles in your home that resemble 
these simple machines in some way? Have any of you hobbies 
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or other interests tb.at make use of' these machines? 
Questions concerning the compound machines: Looking at 
the construction of these more complicated machines, do you 
see any simple machines used in their make-up?. Do you see 
any leverage or wheel and axles in the steam engine, steam 
turbine, or electric motor? How many simple machines do you 
detect in .the bicycle? What do you think is gained in the 
use of a bicycle? Have you ever seen these parts of an auto-
mobile's engine before? What are they called? From what 
area of the engine do they came? 
It is hoped that these and many other questions will be 
answered as you work through this general study guide and 
list of optional-related activities that are about to be pass-
ed out to you. 
General study and activity guide.-- As an aid to better 
understanding, some of the items in this study guide are fol-
lowed by numbers in parentheses. These refer to your refer-
ence-book list. For example: (3:42-44) means pages 42 to 44 1 
inclusive, of the third reference in the list. It is most 
probable that these publications will prove to be of great 
help in your work. Use them as often as you can even though 
they are not always referred to. 
Certain words and phrases are underscored throughout this 
study guide, usually in the first instance in which they are 
used. Be certain that you are able to define each one cor-
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rectly and completely and that you be able to use them accur-
ately as you proceed through this unit. 
The items that have asterisks (*) before them will be 
done by all students. The items without asterisks and all 
items that outline demonstrations will be divided up to be 
done by groups of students working in committees. These groups 
will be formed in class as work on the unit progresses. Each 
student should hold himself responsible for a working knowledge 
of each item, assigned in groups or not, by the time the unit 
is over. 
Record each starred item in your notes as you attempt 
them. Work diligently during class time allotted for such 
effort. We will work on this general activity guide for ap-
proximately 10 class periods. Some items by their nature can 
only be successfully completed at home. Leave such items as 
homework. It is not absolutely necessary to work each activity 
out in its logical order (according to their numbers). How-
ever, it seems advisable to follow somewhat closely their nu-
merical order because very often background to the proper 
solution of a given item has been developed in previous items. 
*1• We are all aware of friction and how it a.ffects us. 
Our school floors are newly waxed every Monday morning 
as a rule. Which student must walk more carefully at 
this time, he with rubber heels or he with leather 
heels? Why? If there is a sticking door in your home 
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rub its edges with an old candle. Does the sticking 
cease? Is this sort of friction desirable (5:409-
410; 8:333)? 
2. How are the tires on your father's car? Does he have 
a good reason to slow down on rainy days? Check the 
treads. What do you suppose is the reason for the 
many edged design of the tire? Is it best to have the 
treads running parallel with or at right angles to the 
circumference of the tire? Give your reasons. 
*3• Boys may have metal tools that they wish to keep from 
rusting. Girls often have plated pins and jewelry of 
metal. How may these items be kept from corroding? 
Can you now state two major uses for lubrication (8:68)? 
*4• Suppose that you push as hard as you can in trying to 
move a heavy sandbox but cannot move it. Have you done 
any work? Write a technical definition of work to fit 
your answer (2:218-219; 7:71-74). 
5. Check your kitchen faucet at home. Does the water it 
holds back have energy? Is it doing any work? Does 
an unlighted candle have this same energy? How, in 
each case, can you prove that there definitely is en-
ergy present? If you have a large winding clock in 
your home examine its source of energy. Can you brief-
ly explain how the energy turns the clock's hands? 
If you cook by gas in your home, in what form of energy 
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is the flame? Note the photograph on page 293 of ref-
erence number eight. What is the use of the electro-
magnet? In what form of energy is the scrap-metal 
pictured (8:13-14)1 
*6• How many devices or household appliances such as can 
openers, eggbeaters, and needles have you seen in use 
in your home? Can you name 12? After each device 
write a sentence telling how it helps us to do work. 
Does the machine do the work or does it help us do the 
work? 
7. Demonstration: Measurement of work done. 
Materials: Spring scale, block of wood {under 2000 
grams), string, round pencils. 
Procedure: With the spring seale lift the block of 
wood whose weight does not exceed the limit of 
the scale to a height of 3 feet. Note the force 
required. Calculate the foot-pounds of work done. 
Now with the scale, drag the weight a distance of 
3 feet across the lecture desk. Calculate the 
foot-pounds of work done. Again drag the weight 
through 3 feet but this time allow it to roll on 
the round pencils placed between it and the desk 
top. Calculate the foot-pounds of work done. 
Does it make a difference if the weight moves 
horizontally rather than vertically in regard to 
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the force necessary to move it? Which is easier 
to overcome, sliding or rolling friction (8:333)? 
~E-8. Considering your own bodily weight, how many foot-
pounds of work must you expend in order to climb a 
flight of stairs that ascends 12 vertical feet? Would 
it make any difference if you climbed 12 feet up a 
vertical ladder (8:328)? 
9. Measure the height of a flight of stairs in your home. 
Have a friend measure the time it takes for you to 
climb the stairs. Considering your bodily weight, at 
what rate of horsepower did you accomplish the task? 
Again have yourself timed. On this occasion climb 
more rapidly (be cautious, a fall could be serious). 
Did your bodily horsepower increase or decrease? Why? 
{8:329; 7:74) 
*10. If an electric motor can li:tt a 2200 pound elevator 18 
feet in 6 seconds, what is the horsepower of the motor 
(8:329)? 
11. At one time or another you have all taken part in some 
sport. Select any one athletic and tell in what ways 
gravity is a halper in that sport. In what ways is 
gravity a hindrance to the sport (18:90-96)? 
I 
12. When you raise a flag up a pole by the use of a pulley 
is gravity an aid to the work? How? 
-:f-13. What do we mean by the efficiency of a machine? It 
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would appear that by the use of a single fixed pulley~ 
a 20 pound effort would lift a 20 pound resistance, 
actually getting out of a machine what is put into it. 
However, suppose that it takes 22 pounds of effort to 
lift the 20 pound weight because of frictional losses, 
what would be the efficiency of the pulley (8:332)? 
14. Suppose that you have to raise a. 32 ounce flag up a 
pole. There is a. single fixed pulley at the top of the 
pole. You measure the effort necessary with a spring 
scale and find it to be 40 ounces. What is the effi-
ciency of the machine? If the pole were 20 feet high 
what would be the foot-pounds of work done in raising 
the flag? 
*15. Machines of various types are used for various reasons. 
We select a. certain machine because it is best adapted 
to a particular task. Generally, machines are used for 
3 purposes, although no one machine can gain all three. 
Can you name these 3 uses (4:351; 8:331)1 
*16. Filmstrip: Encyclopedia Britannica Films, Incorporated, 
Simple Machines. 
Directions: Before the filmstrip is shown, look over 
the following set of problems. These should give 
some indication of what to look for in the film-
strip. After the filmstrip is shown, answer the 
problems in your notes. 
a. Work done is the product of 
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---------- applied 
and moved. 
b. Name the six simple machines in the order in 
which this unit takes them up. 
c. Simple machines are based on the principle that 
a smaller 
----------- moved through a greater 
is equal to a greater moved 
through a smaller disregarding fric-
tional los sea. 
d. The pullez, in reality, is a continuous form of 
the • 
e. The wheel and axle is actually a form of the 
• 
-------
f. The screw is really an 
a cylinder. 
-------
wrapped around 
g. The wedge is actually a double 
---------· 
h. The mechanical advantage of a simple machine can 
be stated in terms of 
-----' --------' 
or • 
-------
*17. Rule a sheet of paper in your notes with 6 vertical 
columns and head each one with the name of a simple 
machine. List as many devices as you can in each col-
umn that employs the function of that machine. Keep 
this list in readiness and add to it from time to time 
as you proceed through this unit. 
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18. Demonstration~ The first class lever. 
Materials: Meter stick 1 500 gram capacity1 pivot stand 1 
spring scales. 
Procedure: Balance the meter stick on the pivot. Did 
the center of the meter stick satisfy this task? 
Place a 10 gram weight at each extreme end of the 
lever. Does it still balance? Place a 50 gram 
weight at points just 20 centimeters from the 
pivot. Does it still balance? Now place 200 
grams 8 centimeters from the pivot. Where on the 
opposite side will a 20 gram weight have to be 
placed to make the lever balance? Incidentally1 
what is another name for the pivot point? Call-
ing t?e smaller weight the force or effort 1 the 
larger weight resistance, what two things are 
gained in this lever arrangement? 
19. Demonstration: The second class lever. 
Materials: Same as for item 18. 
Procedure: Using the meter as a lever, allow it to 
pivot on one extreme end. Attach a string bal-
ance at the other end. Place a 100 gram weight 
at the mid-point of the lever. What effort is 
necessary to raise the weight? Does the weight 
of the lever hinder you here? Place 500 grams 
centimeters from the fulcrum. Place the seale 
six 
38 
60 centimeters from the fulcrum. What does the 
seale read when the weight is lifted? If you 
placed 100 grams at six centimeters from the ful-
crum, where would the effort be placed to raise 
the resistance with a force of 30 grams? Call-
ing the scale your effort, what is gained in this 
lever arrangement? 
20. Demonstration: The third ciass l ever. 
Materials: Same as for item 18. 
Procedure: Again allow the lever to pivot at one ex-
treme end. At the other end place a 100 gram 
weight. Attach the spring scale at a point half-
way between the fulcrum and the resistance. How 
much effort is necessary to lift the weight? Does 
the weight of the lever enter in to this? Attach 
the scale closer to the fulcrum. Does the effort 
increase or decrease? Attach the scale closer to 
the fulcrum. Does the effort increase or de-
crease? Attach the scale closer to the resistance. 
Does the ef1'ort increase or decrease? Put a 50 
gram weight 60 centimeters from the fulcrum. At-
tach the scale 40 centimeters from the fulcrum. 
What effort is necessary to ra i se the weight? In 
lifting which moves farther; the eff ort or the 
resistance? Which moves faster, therefore? Call-
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ing the scale your effort, what is gained in this 
lever arrangement? 
*21. Draw a diagram of each class of lever. Tell what is 
gained in the use of each. State the general law of' 
levers (8:333:336). 
*22. In figure 392 on page 337 of reference nmnber eight 
can you tell what class or classes of levers are used 
in each device pictured? What is gained in the use of 
each? Add these devices to your listings for item 
humber 17 if you have not already done so. 
23. Demonstration: Center of gravity. 
Materials: Cork stopper, nail, 2 forks, and a drink-
ing glass. 
Procedure: Refer to reference number 12, pages 109 and 
110. Insert the forks into the cork stopper as 
illustrated in the text. Stick the nail partly 
through the bottom of the cork. Set the arrange-
ment on the edge of the glass as shown. Does it 
balance? Why does not the weight of the forks 
disrupt the balance? Where is the center of grav-
ity of the arrangement? What class of lever is 
illustrated here? Where is the fulcrum? 
24. What class of lever do you use when you chew food? 
What class of lever is your biceps muscle? Where is 
the fulcrum in your leg when you kick a football or a 
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soccer ball? What is the resistance? Where is the ef-
fort applied (2:231)1 
25. A weight of some sort is not the only type of resistance 
to be overcome. Can you name 5 kinds of resistance that 
machines help us overcome {2:208-210)1 
26. Draw the following diagrams: 
a. Show an experience of your own in which you used a 
machine to move a large weight with a much smaller 
force, pref'erably a lever machine. 
b. Show that in a fishing pole the force you apply to 
pull up the pole moves a much shorter distance than 
the fish. What is gained? What class lever is this? 
c. Make a diagram of some machine that you have used or 
have seen used that changes the direction of the 
force (14:69-71; 84-87). 
*27. Make a drawing to show how you could pry up a stone 
weighing 200 pounds by using a force of 40 pounds. What 
is the mechanical advantage of your lever? How does the 
mechanical advantage of your lever compare with the 
lengths of the effort arm and the resistance arm? 
;t-28. Lever problems: 
a. With a first class lever 12 feet long, how much force 
at one end would be required to raise a 600 pound 
resistance at the other end if the fulcrum were placed 
2 feet from the resistance? 
b. A wheelbarrow is 4 feet from axle of the wheel to the 
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end of the handles. If a weight is placed in it with 
its center of gravity 1~ feet from the axle .and the 
weight weighs 160 pounds, how much effort on the handles 
is necessary to lift the weight (8:335-336)? 
c. With a second class lever 5 feet long, how far from the 
fulcrum will a 100 pound resistance have to be placed 
if a 25 pound effort at the other end of the lever is 
used to lift it (15;105-106)? 
d. In what manner may the mechanical advantage of force of 
a first class and second class lever be increased (17: 
239-240)? 
e. Two boys lift a 20 foot plank (one boy at each end). 
The plank weighs 140 pounds. How much of the weight 
is each boy lifting? Prove mathematically that the an-
swer is 70. 
29. Study figure 240 on page 481 of reference number 13, 
can you detect 5 simple machines used in the layout of 
a modern bathroom? 
*30. Has there ever been a time when you have used or have 
seen used a single fixed pulley? Make a drawing show-
ing a particular use of this device. What is gained in 
its use? What is the mechanical advantage of it (4:356-
357; 8:338-339; 15:107-108)? 
31. Demonstration: The single fixed pulley. 
Materials: Single pulley, string, 50 gram weight, spring 
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scales, cross-bar. 
Procedure: Secure the pulley to the cross-bar. Thread 
a piece of string along the wheel and attach the 
50 gram weight to one end and the spring scales 
to the other. What effort is necessary to lift 
the weight? Why is the effort more than 50 grams? 
What is the mechanical advantage of this device? 
Why? If you pull down on the effort end 6 inches, 
how high will you left the weight? 
32. Demonstration: The single movable pulley. 
Materials: Same as for item 31. 
Procedure: Tie one end of the string to the cross-bar. 
attach the pulley to the 50 gram weight. Feed 
the string through the pulley and attach its free 
end to the spring scales. How much effort is 
necessary to left the weight? Does the weight of 
the pulley affect your effort? If the force is 
raised 6 inches, how high is tb.e resistance lift-
ed? Why? What is tb.e mechanical advantage of 
this arrangement? How many strands of the string 
support tb.e pulley? 
33. Demonstration: The fixed-movable pulley, commonly called 
the block and tackle. 
Materials: A double pulley, a triple pulley, a long 
string, a 200 gram weight, spring scales, cross-bar. 
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Procedure: secure the triple pulley to the cross-bar. 
Tie one end of the string to the base of the 
double pulley. Feed it along a wheel of the 
triple pulley, down through the double pulley 
and so one, ending up with a downward pull. Tie 
the scale to the free end. Attach the 200 gram 
weight to the movable pulley. What effort is 
necessary to raise the resistance? Does the 
weight of either pulley affect the effort? If 
you pull on the effort through a distance of 24 
inches, how high will the weight be lifted~ How 
many strands of the string support the movable 
pulley? Can you give the mechanical advantage 
of this block and tackle? State a rule by which 
the mechanical advantage of any block and tackle 
can be found. 
*34. Make a drawing to illustrate just how you could lower 
an 80 pound object from a second-story window with ap-
proximately a 40 pound effort using a single movable 
pulley and rope (8:339). 
35. Using a block and tackle with a mechanical advantage 
of five, what is the maximum resistance that you could 
lift? Construct a diagram showing bow you could raise 
this amount of resistance up to a second-story window. 
(Hint: use a dovfnward pull.) 
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*36. Pulley problems: 
a. In a single movable pulley, now mucn effort would 
be necessary to lift a 440 pound resistance? 
b. In a single fixed pulley, tne mechanical advantage 
is always • A 10 pound effort will lift 
-----
a 
-----
pound resistance. 
c. Assume that you can pull with an effort of 60 pounds. 
You must left a 240 pound boat out of the water 
using a block and tackle. How many strands of rope 
must support the movable pulley? Wnat will the me-
chanical advantage of the pulleys be? If you lift-
ed the boat 4 feet, how far would you have to pull 
tne rope (2:235; 8:339)? 
d. The mechanical advantage of the single movable pul-
ley will always be 
-----· 
A 55 pound effort 
will lift a 
------ pound resistance disregard-
ing the weight of the pulley. 
e. If the mechanical advantage of a block and tackle 
is six, an effort of pounds will be nee-
essary to move a 66 pound resistance. If the re-
sistance is to be lifted 3 feet the effort will have 
to be applied through a distance of 
-------- feet. 
I 
Therefore, whatever is gained in force is always 
lost ~ in 
-----· 
*37. Examine a pencil sharpener, egg-beater, doorknob, or 
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any other device that requires a rotational effort. 
These are wheel and axle machines. What would be 
-----
considered to be the wheel? What would be the ~xle1 
When the wheel turns once, how many times does the 
axle turn? Which turns through a greater distance, 
the wheel or the axle? If the effort is applied to 
the wheel, what would have to be gained (8:340)? 
38. Why is a doorknob placed near the outer edge of a door1 
Would it be better or worse to have the knob placed 
nearer the hinges? Why? Where would the knob be 
placed to give the greatest leverage in opening the 
door1 
39. Is force or distance gained in your bicycle? Check 
your own bike and find out through what circumference 
the rear wheel turns when the pedal sprocket turns 
through one revolution. How many times does the rear 
sprocket gear rotate when the pedal sprocket rotates 
once? Count the number of gear teeth on each sprocket. 
Is there a mathematical way of computing what the ro-
tation will be? How does this affect the distance 
through which the rear wheel turns? That is, what 
would result if the pedal sprocket were enlarged (16: 
108-110; 8:345)? 
~0. Considering the pencil sharpener, would it be easier 
or more difficult to sharpen a pencil if the length of 
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the crank arm were increased? If the size of the axle 
of a faucet were increased, would it be easier or more 
difficult to turn it off and on? What are two ways 
to increase the mechanical advantage of a wheel and 
axle machine for force (2:236-237)? 
*41. Can you name 12 devices used in your home or at school 
that are based on the principle of the wheel and axle? 
Tell what is gained in the use of each {13:208-211; 
17:241; 2:236-238). 
42. Turn to the diagram on page 365 of your reference 
number four. Which of the ways in which machines help 
us to do work does the crane illustrate? Can you find 
a fixed pulley, a wheel and axle, and a movable pul-
ley? Is the crane a simple machine? Explain. How 
many gears are used in its operation? When the man 
turns the crank, does his hand travel a greater or 
less distance than the blocks attached to the hook do? 
~3. Name 10 devices in the ho~e or els ewhere that transfer 
rotational energy from one shaft to another by the use 
of belts, chains, or gears. Which method is most ef-
ficient? Most inefficient? What are the various types 
of gears? For what particular situation would each 
type of gear be used (8:343-345; 2:234-246)? 
44. What is meant by the driving gear? The driven gear? 
Which one always receives the effort? If the driving 
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gear is larger than the driven gear what is gained? 
What is gained if the driven gear is larger than the 
driving gear (13:209-211)1 
*45. Notice the types of gears, and uses of belts on page 
363 of reference number fcur. What does each type do 
that the other types cannot do in the gear diagram? 
What two purposes does the chain drive serve? Do a, 
b, c, d, e, f, g, and h rotate in the same direction? 
Do c, e, and g turn faster or slower than b? Do a, 
f, d, and h? Check the belt diagram. How do we change 
direction of rotation by the use of belts? 
46. Demonstration: The wheel and axle. 
Materials: A wheel and axle model (two wooden disks of 
different radii mounted together to turn freely 
on a dowel), spring scale, string, 200 gram capa-
city. 
Procedure: Measure the diameter of the small disk. 
Measure the diameter of the large disk. What is 
the ratio of diameters, that is, how many times 
larger is the larger disk than the smaller disk? , __ 
Tack a 200 gram weight suspended by a string from 
the left side of the smaller disk. What happens? 
Attach the spring scales to the right edge of the 
larger dis1c by a string and a tack. How much down-
ward effort is necessary to counter-balance the 200 
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gram resistance1 Must you subtract the weight 
of the scale1 In what way is this like a lever? 
What is the device's mechanical advantage1 Now 
suspend a 20 gram weight from the larger disk 
and attach the scales to the smaller disk. How 
much effort is necessary to counter-balance the 
20 gram resistance1 What is gained now? What 
is lost (7:79; 8:340)? 
*47. It is true that if the diameter of the wheel is twice 
the diameter of the axle the mechanical advantage would 
be two. However, could problems be solved by comparing 
circumferences and radii rather than diameters? Give 
proof of your answer by constructing a typical problem. 
~8. Draw a diagram of some device that works on the prin-
ciple of the wheel and axle. Include dimensions of the 
wheel and of the axle, include an effort and a resis-
tance and state the mechanical advantage of the diagram. 
iE-49. Wheel and axle problems. 
a. State a rule that could be used in calculations con-
cerning the wheel and axle machine. Be sure to con-
sider force and re s istance then try to state your 
rule in equation for.m. 
b. A manual Winch for raising anchors on boats has a 
cable drum 6 inches in diameter. The- 'Winch's b.an-
dle is 3 feet in length from the center of the drum. 
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What effort would be necessary to raise a 2000 pound 
anchor? 
c. A screwdriver's handle is li inches in diameter. 
Its blade edge is one half inch wide. How much 
force would be developed at the blade if an effort 
of 30 pounds is applied at the handle? What is its 
mechanical advantage? 
d. Two wheels are connected by a belt. One wheel has 
a circumference of 45 inches, the other has a cir-
cumference of 15 inches. How many times will the 
smaller wheel rotate if the large r wheel rotates 
10 times? What is its mechanical advantage of 
speed? 
e. A doorknob has a 2 i nch diameter. Its axle is one 
half inch in radius. How f a r must the knob be turn-
ed to move the latch attached to the axle a distance 
of one half inch so that the door will open (7:85}1 
f. In a wheel and axle, if the wheel has a 1 foot ra-
dius and the axle is 2 inches in radius, what is 
the machine' s mechanical advantage? What is gain-
ed (2:237-238)? 
g. We can reverse the direction of rotation of a driven 
wheel by the belt. 
h. If the effort is placed on the wheel of a wheel and 
axle machine is gained. If the effort is 
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placed on the axle is gained. 
50. Demonstration: The inclined plane. 
Materials: Small cart or trolley, a 4 foot board, spring 
scales, a 50 gram capacity. 
Procedure: Raise the weight of the cart and the 50 
gram weight through a distance of 1 foot. On 
the lecture desk raise one end of the 4 foot 
board to a height of 1 foot. This now becomes 
a ramp 4 feet long and rising 1 vertical foot. 
How much effort is necessary to draw the cart 
with the 50 grams in it u p the full length of the 
ramp? Why did it take less effort than when you 
lifted it vertically? How many foot-pounds of 
work were done in each case? Do not forget that 
friction played a part here. What is the ratio 
of length of plane to height of plane? What is 
the ratio of resistance weight to forc.e applied 
(8:341; 7:80)? 
·*51. Which is easier: to climb a flight of stairs that rises 
14 feet or to climb a ladder that rises vertically 14 
feet? Why? What way do you travel the greater dis-
tance? What is always gained in the use of the in-
clined plane? What is always lost (7:81; 5:415-416)? 
52. Why do roads travel in spirals up mountains? Would it 
not be shorter to construct the road almost vertically 
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up the mountain? Why is this not done? What is lost 
in the spiral method? Where is the mechanical advan-
tage in havihg the inclined road so long? 
*53. In a diagram show how a 600 pound piano could be push-
ed up on a 3 foot platform by a 200 pound effort. Cal-
culate how long the inclined plane used would have to 
be. What is the mechanical advantage of the plane? 
54. Inspect the locking bolt on a door. Is one side of 
it cut on an angle? What is the reason for this? Why 
is the angle not cut on the other side of the bolt? 
In what way does this act like an inclined plane? 
?1-55. Inclined plane problems. 
a. How much effort would be necessary to roll a 60 
pound barrel up a 12 foot inclined plane that is 
raised 4 feet at its higher end (8:341)? 
b. A 20 foot escalator ascends 16 feet. What effort 
is necessary to left your own weight along it? 
c. A one-mile section of highway rises constantly up-
ward to a height of 200 feet. If your automobile 
weighs 2 tons, how much effort of drive is nec-
essary to move it up the grade? 
d. What is the mechanical advantage of a 32 foot in-
clined plane that rises 4 feet at one end? 
e. An inclined plane allows a small efrnort to lif't a 
resistance a vertical dis-
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t ance by moving it a horizontal distance. 
f. Write an equation that could be used to solve in-
clined plane problems. Make up a problem and try 
your equation. Does it work? 
~E-56. Actually, the screw is a form of what simple machine? 
Can you state a definition of the screw? Remember 
that in the inclined plane matter was moved along the 
plane, but in the screw the circular inclined plane 
moves through matter (2:238-240). 
57. Wba t would you say is the essential difference between 
a wood screw and a bolt? Are they both based on the 
same prinicple? What do we mean by the pitch of a 
screw machine? What does the distance between 2 threads 
have to do with the mechanical advantage of the screw 
(8:342-343)? 
-:t-58. Examine a nut and bolt. With a ruler measure the number 
of threads along 1 inch of the bolt. Calculate the 
distance between 2 adjacent threads. If the bolt is 
rotated 1once, how far into the nut will it move? De-
termine the circumference of the head of the bolt. How 
many times greater is this circumference than the pitch 
of' the screw? (The circumference. is found by multi-
plying the head's di~meter by pi. Pi= 3.14.) What 
is the mechanical advantage of the bolt? What is al-
ways gained in the screw machine? If this bolt were 
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to be tightened into some device, what could you use 
on the head of the bolt to .giYe you more leverage 
(18:23-26)'? 
*59. What is a jackscrew used for'? What is gained in its 
use? Notice figure 402 of page 343 of reference number 
eight. What is the mechanical advantage of that jack? 
Would the mechanical advantage be increased or decreased 
by using a longer handle? Write an equation that could 
be used in solving screw problems. Make up a typical 
problem and see if your equation works. (Hint: effort 
times the distance it moves equals resistance times the 
distance it moves.) 
*60. Draw a diagram of a jackscrew that has a one quarter 
inch pitch to its threads. A 4 foot handle is used to 
turn the head of the jack. On top of the jack place a 
resistance of 3600 pounds. Calculate the force neces-
sary to lift the weight. 
it-61. Screw machine problems. 
a. The screw is an 
----------- wrapped around a 
-----· 
b. The head of a bolt is 1 inch in diameter. The pitch 
of the screw is one tenth of an inch, having 10 threads 
to the inch. If the head is turned once, how far 
forward will the screw_ move? What is the mechanical 
advantage of the bolt? 
c. A jackscrew has 2 threads per inch. What is its pitch? 
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A 6 foot handle is inserted in tbe head of the jack. 
How much effort would be necessary to lift 6000 
pounds with it? (Consider the 6 foot handle a ra-
dius.) 
d. The greater the number of threads per inch on a 
screw the the mechanical advantage of the 
screw. 
e. A wood screw bas 6 threads per inch. What is its 
pitch? With 1 turn of the screw's head, how far 
will the screw penetrate? 
-;t-62. Can you think of a good de:t'inition of the wedge? Ac-
tually, it is a variation of what simple machine (17: 
243)? 
63. What part does friction play in the use of the wedge? 
Is there a mechanical advantage of a wedge? Can this 
advantage be calculated? What type of wedge would have 
a greater mechanical advantage: one with a blunt edge 
or one with a long, tapering edge? What is always 
gained in the use of a wedge? Why (2:241-242)? 
*64. Draw diagrams of 6 wedges that have a high mechanical 
advantage of force and 6 wedges that have a low mech-
anical advantage of force. 
~65. What is a perpetual motion device? Can you make a 
drawing of such a device that you think might work? 
Think of the scientific aspects of the problem (5:387; 14:387). 
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66. Notice the diagram on page 387 of reference number 14. 
(A) Will the wheel turn forever? Why or why not? (~) 
Will the water continue to flow? Why? (C) The motor 
turns the generator which provides electricity for turn-
ing the motor. What is wrong with this idea? (D) How 
would this work out in practice? (E) Is this possible? 
Why or why not? 
67. In reference number four, page 360, can you find 3 screws 
in A? Can you locate the screws in B and C? What 
other simple machine is combined with the screw in A 
end B? 
68. We improve on machines if we can add the functions of 
two or more simple machines together to further our 
cause for efficiency. What is such a device called? 
How is the overall mechanical advantage of such a ma-
chine arrived at? 
*69. On page 346 of reference eight, figures 408 and 409, 
what simple machines are used in these compound ma-
chines ? 
*70. Name 15 compound machines used in your home or in school. 
In each machine name the :. simple machines oi' which it is 
made up (7:84-86). 
O£tiona~-related activities.-- The following activities 
are related to the material covered in the general study guide, 
bringing fo~th the concepts involved to a greater extent. They 
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are for students having the desire and time to use them. Look 
over the entire list to see what one or more you would like to 
try. You should get your teacher's approval before you begin 
on any item, however. Perhaps he can help you select an ac-
tivity in accordance with your interests. 
You are encouraged to engage in any worthwhile project 
pertaining to machines whether it be on this list or not. 
This list does not even attempt to list all the possible ac-
tivities on simple and compound machines. It is here only to 
suggest some for you. Perhaps you have a good idea of your 
own. Speak to your teacher about it. 
Oral reports: 
1. Report to the class on any new mechanical device re-
cently developed. The monthly publications on your 
reference list will help you on this. 
2. Present before the class some demonstration pertaining 
to simple machines with appropriate comment. The dem-
onstration may be of your own invention or may have 
come from a reference book. Be sure that it has not 
been used previously in class. 
3. A report on any famous scientist living today. 
4. Teach to the class the most difficult thing you have 
learned during this unit on simple machines. 
Written reports: 
5. A report on the various ways in which man harnesses 
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centrifugal force (17:63-69). 
6. A report of the history of some important i nvention 
such as the ·cotton gin or the steam engine. Point 
out the benefits which have resulted from this inven-
tion. 
7. A report on the life of Sir Isaac Newton and his 
scientific discoveries. 
8. A report on Leonardo da Vinci, a man many years ahead 
of his time. 
9. A report on Archimedes, a scientific giant. 
10. Write an article for the school paper entitled, " What 
the world would be like without frictionu . 
11. Write a report on the different forces or forms of 
power used to run machinery today. Include what you 
can on atomic energy (16:562-584). 
Charts and diagrams: 
12. Draw a diagram of any compound machine of your choice. 
The machine must employ at least two of the simple 
machines and their principles that you have studied. 
Point out the mechanical advantage of each device used 
in your diagram. 
13. If you own a bicycle, calculate its gear ratio. Draw 
a diagram of the gear arrangement. Show how much and 
kind of mechanical advantage your bike offers (9:134-
135). 
58 
14. Make a diagram and prepare a report on how the gravity-
aided draw bridge works (17:96). 
15. Diagram and report on the advantage of an egg beater. 
Calculate the gear ratio. What is gained? How much 
(3: 57)'? 
16. Make a chart for the following simple and compound 
machines, telling what machine or machines are used 
in each, and for what purpose each is used ~ 
tack lifter 
shears 
tongs 
wheelbarrow 
sewing machine 
egg beater 
ce.nn opener 
hammer 
automobile jack 
fork 
nutcracker 
bicycle 
typewriter 
meat grinder 
vise 
knife 
wrench 
screw driver 
17. Make a chart on machines used on the farm. 
18. Make a copy of the diagram on page 244 of reference 
number two. Write up the mechanical advantage of the 
device. Perhaps you could make a model that you could 
demonstrate for t he class. Show all gear ratios. 
19. A diagram of a solar engine. Show how it works. 
20. A diagram like figure 406 on page 345 of reference 
number eight. Calculate the mechanical advantage of 
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the device. Include your calculations. 
21. Diagram and report on how the hydraulic brake system 
in an automobile works (8:180). 
22. Make an energy survey of our community. Find out what 
sources of energy are used and which ones are the most 
important. You may want to display these findings in 
the form of a chart. 
23. Make a diagram of the sewing machine. Point out what 
simple machines are used in its construction (2:245). 
24. Obtain a large sheet of paper. In the upper left cor-
ner draw a small "sun11 with energy radiating from it. 
In the lower right corner draw a. wheel and label it 
"Man's Work". Then complete your diagram by s howihg 
the different paths by which energy from the sun can 
reach the wheel and turn it. Give your completed 
diagram a suitable title. 
Models and displays: 
25. Prepare a bulletin board display of pictures and draw-
ings which show the disadvantages of friction. 
26. Prepare a bulletin board display of pictures and draw-
ings which illustrate many uses of friction. 
27. Make a work ing model of any one of the simple machines. 
Show what is gained in its use~ 
28. Make a model i ncorporating the functions of two or more 
of the simple machines. 
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29. Make a collection o:f common household tools and de-
vices. Display them with labels to show which of the 
simple machines is illustrated in each. 
30. Construct a compound machine such as an elevator or a 
conveyor with Erector Sets or Mechano Sets. 
31. Make a model telegraph transmitter and receiver set. 
Consult your reference list for ideas on this. 
32. Make a model of an electric motor. Pages 373 to 375 
o:f reference number 15 will help you on thi s. 
33 . Build a small steam turbine. A well-soldered tall 
----
coffee can could make an excellent boiler. The tur-
bine blades could be shaped and cut from similar sheet 
metal. Take care to make the turbine wheel turn as 
:freely as possible (15:258-267). 
34. If you own a small compound machine or part of some 
compound machine that is not now in use, take it apart 
and mount each piece with wire on a board i n proper 
order. This would make an interesting display. Some 
items to consider for this are: distributors, small 
electric engines, transformers, starters, old door 
bells, and old clocks. 
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3. The Objective Teat 
Part I. Multiple-Choice: 
Directions: Each item has four possible answers of which 
only one is correct. Place the letter of the choice you 
think is correct (a, b, c, or d) in the parentheses after 
the appropriate item number on the answer sheet. Use the 
math paper provided for all calculations. DO NOT WRITE 
ON THE TEST BOOKLET. 
1. One argument against oil as a lubricant is that it 
a. reduces friction. 
b. forms a rough coat on metals. 
c. colle~ts dirt and grit. 
d. reduces corrosion. 
2. It is sometimes desirable to increase friction as when we 
a. polish floors 
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b. wear leather heels. 
c. wax skis. 
d. sand icy streets. 
3. If one lifts a 72 pound box through a distance of 4 feet 
a. 18 foot-pounds of work are done. 
b. 48 foot-pounds of work are done. 
c. 288 foot-pounds of work are done. 
d. no work has been done. 
4. If a man tries to lift a 400 pound weight but cannot move 
it 
a. he has expended 200 foot-pounds of work. 
b. no true work has been accomplished. 
c. he has done 400 foot-pounds of work. 
d. he becomes tired because of the work done. 
5. An example of potential energy would be 
a. a tube of sulfuric acid. 
b. a falling book. 
c. a 40 mile per hour wind. 
d. a burning candle. 
6. A good definition of kinetic energy would be 
a. inertia at rest. 
b. potential position. 
c. suspended weight. 
d. inertia of motion. 
7. One standard horsepower of work is developed if 
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a. 550 pounds are lifted 1 foot in 1 second. 
b. 550 pounds are lifted 1 foot in 1 minute. 
c. 33~000 pounds are lifted 1 foot in 1 second. 
d. 33~000 pounds are lifted 1 foot in 550 seconds. 
8. A 10 horsepower motor can 
a. lift 5500 .pounds 1 foot in 1 second. 
b. lift 33,000 pounds 1 foot in 1 second. 
c. lift 5500 pounds 100 feet in 10 seconds. 
d. lift 33,000 pounds 10 feet in 10 seconds. 
9. If an electric motor could lift a 2200 pound elevator 18 
feet in 6 seconds the strength of the motor would be 
a. 24 horsepower. 
b. 120 horsepower. 
c. 6 horsepower. 
d. 12 horsepower. 
10. In any machine when friction is accounted for 
a. the output is always greater than the input. 
b. the input is always greater than the output. 
c. the input always equals the output. 
d. the efficiency of the machine is usually 100 per cent. 
11. The general law of machines states that when friction is 
neglected 
a. the effort times the distance it moves is equal to 
the resistance times the distance it moves. 
b. the effort times the distance the resistance moves is 
12. 
13. 
14. 
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equal to the resistance times the distance the effort 
moves. 
c. the effort times the resistance equals the distance 
the effort moves times the distance the resistance 
moves. 
d. the resistance times the distance the effort moves is 
equal to the effort times the distance the resistance 
moves. 
The efficiency of a machine means that 
a. the input is expressed as a per cent of the output. 
b. frictional losses have not been accounted for. 
c. the output usually equals the input. 
d. the output is expressed as a per cent of the input. 
Pick out the true statement: 
a. a second class lever can gain change in direction and 
effort. 
b. a third class lever gains effort. 
c. a first class lever can gain effort, distance, and 
change in direction. 
d. a second class lever can gain distance. 
Pick out the false statement: 
a. a second class lever gains force. 
b. a third class lever gains effort. 
c. a first class lever can gain distance. 
d. a first class lever gains change in direction. 
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15. In order for· a first class lever to gain force 
; 
a. the fulcrum is placed closer to the resistance than 
to the effort. 
b. the fulcrum is placed closer to the effort than to the 
resistance. 
c. the effort is placed between the resistance and the 
fulcrum. 
d. the resistance is placed between the effort and the 
fulcrum. 
16. In a second class lever 
a. only distance can be gained. 
b. the resistance is always closer to the effort than to 
the fulcrum. 
c. a change in direction can be gained. 
d. only force can be gained. 
17. In a third class lever 
a. force is always gained. 
b. the resistance is closer to the fulcrum than to the 
effort. 
c. distance is always gained. 
d. change in direction is always gained. 
18. If in a certain machine an effort of 8 pounds can move a 
resistance of 104 pounds 
a. the efficiency of the machine is 13 per cent. 
b. the mechanical advantage of the machine is 13. 
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c. the efficiency of the machine is 26 per cent. 
d. the mechanical advantage of the machine is 26. 
19. In any machine 
a. what is gained in force is lost in distance. 
b. what is gained: in force is gained in distance. 
c. what is lost in distance is lost in force. 
d. what is put into the machine is gotten out of the 
machine in terms of work only when friction is con-
sidered. 
20. In order for a first class lever to gain distance 
a. the fulcrum is placed closer to the resistance than 
to the effort. 
b. the fulcrum is placed closer to the effort than to 
the resistance. 
c. the effort is placed between the resistance and the 
fulcrum. 
d. the resistance is placed between the effort and the 
fulcrum. 
Part II. The pulley: 
Directions: Study the diagrams A, B, and c. The items 
following the diagrams are either true or false and are 
to be answered in the space provided after their corres-
ponding numbers on the answer sheet. Write out the word 
in answering. 
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A B c 
21. In A, the mechanical advantage is two. 
22. In A, if the resistance by 10 pounds, then the effort is 
5 pounds. 
23. Diagram A allows a change in direction. 
24. In B, the mechanical advantage is two. 
25. In B, if the effort by 16 pounds, then the resistance may 
be as much as 32 pounds. 
26. In B, if tb.e eff~~t moves up 6 inches the resistance will . 
be raised 3 inches. 
27. Diagram B allows a change in direction. 
28. In B, if the resistance is 48 pounds, the effort neces-
sary to lift it is 96 pounds. 
29. In C, the mechanical advantage is five. 
30. In C, if the resistance is 88 pounds, the effort neces-
sary to lift it is 22 pounds. 
31. In C, if the effort is pulled through a distance of 20 
inches tb.e resistance will be raised 40 inches. 
32. The pulley is a continuous form of the lever. 
Part III. The wheel and axle and the inclined plane: 
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Directions: Study the diagrams A and B. Answer the items 
following the diagrams by filling in the blanks. Place 
T 12 ,, 
l 
your answer for each item in the space provided after 
its corresponding number on the answer sheet. 
A B 
T., 
:=J+ 
_L 
E 
E 
33. In diagram A, the mechanical advantage is 
------· 
34. In A, the mechanical advantage could be increased by 
the diameter of the drum. 
--------
35. In A, an effort of 11 pounds will raise a resistance of 
pounds. 
36. In A, the mechanical advantage could be increased by 
the length of the crank arm. 
37. In A, if the crank is turned through 75.36 inches, or 
one complete turn, the resistance will be raised 
inches. 
38. In A, if the resistance were 360 pounds and effort of 
---------- pounds would be necessary to lift it. 
39. In diagram B, the mechanical advantage is 
------· 
40. In B, the mechanical advantage cculd be increased by 
the length of the plane. 
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41. In B, an effort of 30 pounds would raise a resistance of 
pounds up the plane. 
------
42. In B, if the effort is pulled through a distance of 6 
inches the resistance will move 
plane. 
inches up the 
43. In B, if the resistance were 350 pounds the effort neces-
sary to move it would be pounds. 
44. In the inclined plane the effort is in the same proportion 
to the resistance as the of the plane is to the 
length of the plane. 
Part IV. The belt-drive: 
Directions: Study the diagram. Small wheel A has a diam-
eter of one half inch. Large wheels B, c, and D have di-
ameters of 1 inch each. The small wheels within B and C 
that rotate with B and C are each one half inch in di-
ameter. The items following the diagram are either true 
or false and are to be answered in the space provided 
after their corresponding numbers on the answer sheet. 
Write out the word in answering. 
(diagram on next page) 
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A B c D 
45. If wheel A turns once, wheel B will make one half a turn. 
46. If wheel A turns clockwise, wheel C turns ccunter-clock-
wise. 
47. Wheel B turns slower than wheel C. 
48. Wheel D turns at the same speed as does wheel C. 
49. If wheel C turns clockwise, wheel D will turn counter-
clockwise. 
50. Wheel C turns slower than wheel B. 
51. If wheel C turns once, wheel D will turn twice. 
52. If wheel A turns counter-clockwise, wheel D will turn 
clockwise. 
53. Wheel B turns slower than wheel D. 
54. Wheel D turns slowest of all. 
55. Wheel A. turns fastest of all. 
56. If wheel C turns through 4 revolutions, wheel D will 
turn through 2 revolutions. 
Part v. The jackscrew and the wedge: 
Directions: Study the diagrams A and B. The threads 
of the jackscrew are one half inch apart. Answer the 
items following the diagrams by filling in the blanks. 
Place your answer for each item in the space provided 
after its corresponding number on the answer sheet. 
A B 
R 
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57. In A, wit h one complete turn of the handle the resistance 
is lifted inches. 
58. In A, the handle turns through a circumference of 
inches. 
59. In A, the mechanical advantage of the screw is 
--------· 
60. The screw is actually an 
cylinder. 
----------- wrapped around a 
61. In A, a longer handle inserted into the head of the jack-
screw would the mechanical advantage. 
62. In A, the pitch of' the screw in the diagrain is 
inc hes. 
63. In A, if t he pitch were increased the mechanical advantage 
of t he screw would • 
64. In B, the wedge is actually a form of the 
------· 
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65. In B, the mechanical advantage for force could be in-
creased by making the wedge • 
66. In B, the mechanical advantage for distance cculd be in-
creased by making the wedge • 
Part VI. Problems on simple machines: 
Directions: Do the following problems on the math paper 
provided. Place each answer in the space after the 
item's corresponding number on the answer sheet. Labels 
to answers are not necessary. 
67. With a first class lever 12 feet long, how much force at 
one end would be required to raise a 600 pound resistance 
at the other end if the fulcrum is placed 2 feet from the 
resistance? 
68. A uniform plank 16 feet long and weighing 320 pounds rests 
on the ground. How much effort would be necessary to 
raise one end of it? 
69. A wheel-barrow is 4 feet from axle of the wheel to the end 
of the handles. I f a weight is placed in it with its 
center of gravity li feet from the axle and the weight is 
160 pounds, how much effort on the handles is necessary 
to lift the weight1 
70. Using a single movable pulley, how much effort would be 
necessary to lift a 440 pound resistance1 
71. Assume that you can pull with an effort of 60 pounds. You 
must lift a 240 pound boat out of tbe water using a block 
and tackle. How many strands of rope must support the 
movable pulley'? 
74 
72. A manual winch for raising anchors on boats has a cable 
drum 6 inches in diameter. The winch's handle is 3 feet 
in length from the center of the drum. What effort would 
be necessary to raise a 2000 pound anchor'? 
73. A screwdriver's handle is li inches in diameter. Its 
blade edge is one half inch wide. How much force would 
be developed at the blade edge if an effort of 30 pounds 
is applied at the handle? 
74. In a wheel and axle machine, if the wheel has a 1 foot 
radius and the axle is 2 inches in radius, what is the 
machine's mechanical advantage'? 
75. How much effort would be necessary to roll a 60 pound 
barrel up a 12 foot inclined plane that is raised 4 feet 
at its higher end? 
76. A one-mile section of highway rises constantly upward to 
a height of 200 feet. If your automobile weighs 2 tons, 
how much effort or drive is necessary to move it up the 
grade? 
77. What is the mechanical advantage of a 32 foot inclined 
plane that rises 4 feet at one end? 
78. A jackscrew has 2 threads per inch. A 6 foot handle is 
inserted into the head of the jack. How much effort would 
be necessary to lift 6000 pounds with it~ 
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79. A wood screw has 6 threads per inch. With one turn of the 
screw's head, how far will the screw penetrate? 
80. A lever with a mechanical advantage of four is used to 
raise a resistance attached to a block and tackle that has 
a mechanical advantage of five. What is the overall me-
chanical advantage of' such a compound machine'? 
CHAPTER III 
EVALUATION OF THE TEACHING-LEARNING SITUATION 
1. Analysis of Relative Growth 
statistical techniques used.-- It is important to diag-
nose a student's actual growth in any unit of work. That is, 
how much did the student actually learn over and above what 
he knew before the unit was presented. Equally important, 
however, is an accurate interpretation of the student's rel-
ative growth. Just how did the student's actual growth com-
pare . with the growth of the class as a whole? What is his 
relative standing on a five-point scale? According to Billett: 
" Knowing the relative-growth groups achieved by the pupil in 
the several important phases of elementary and secondary-
school work, the staff can guide him toward those ultimate 
vocational and avocational pursuits in which he is likely to y 
have the greatest relative success." 
Two statistical techniques were used by the writer to cal-
culate the relative-growth groups with considerable accuracy: 
(1) He calculated the aritb~etical mean of all scores on the 
pretest, final test, and of all gains, as a measure of the 
average growth of the class as a whole; {2) He calculated the 
yop. cit., PP• 630-631. 
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standard deviation as a measure of the pupil's actual growth 
above and below the arithmetical mean on the pretest, final 
test, and on gains. 
Table 4. Computation of the Aritnmetical Mean and Standard 
Deviation on a Pretest of 80 Items Taken by 52 Ninth-
grade General Science Students on the Topic Simple 
Machines 
Fre- Fre-
Class Tallies Fre- De vi- quency 
quency 
De vi-Interval quency at ion De vi- ation ation Squared 
(1) (2) {~) 
-
(4) (5} (6} 
62-65 I 1 f9 /9 81 
58-61 0 f8 0 0 
54-57 II 2 f7 /14 98 
50-53 0 f6 0 0 
46-49 0 f5 0 0 
42-45 /. 2 /.4 ~~ 32 38-41 5 f3 45 
34-37 % 4 1_2 f.8 16 30-33 M~ 7 /1 /7 7 26-29 ~ 11 0 0 0 22-25 8 -1 -8 8 18-21 ~ 5 -2 -10 20 14-17 
: 3 -3 -9 27 
10-13 II 4 -4 -16 64 
.. 
Totals 52 52 tl8 398 
M .= A. M. ,tFDx N c .-r. s.n; = j ;?2 - (~)2 X C.I. 
M ;: 28 t ~~ X 4 S.D. • j 398 - (~~) 2 X 4 52 
M = 28 I .346 X 4 S.D. ~ - j 7.65 - .119 X 4 
M = -29.38 (Or 29) S.D. = 1·i.o 
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Table 4 illustrates the computations of the arithmetical 
mean and the standard deviation of the 52 students who took 
the pretest. Out of a possible raw score of 80 the range of 
scores was from a low of 10 to a high of 63. The arithmetical 
mean came to be 29.38 (or 29, for ~11 practical purposes). 
The standard deviation on the test was 11. 
The computations of the arithmetical mean and standard 
deviation for the final test appear in Table 5. The 5~ stu-
Table 5. Computation of the Arithmetical Mean and Standard 
Deviation on a Final Test of 80 Items taken by 54 
N inth~grade General Science Students on the Topic 
Simple Machines 
Fre- Fre-queney Class Tallie a Fre- De vi- quency De vi-Interval quency at ion De vi- at ion 
at ion Squared 
( 1) (2.) (3) (4.) (5) {6) 
' --
f.--
74-77 Ill 3 /6 118 108 
70-73 0 /5 0 0 
66-69 mJ II 7 /4 f2.8 112 
62-65 lfiJ I 6 f3 /18 5'4 
58-61 INJ 5 /2 /10 20 
54-57 
WI 
5 /1 /5 5 
50-53 6 0 0 0 
46-49 w 5 -1 -5 5 42-45 5 -2 -10 20 38-41 3 -3 -9 27 
34-37 Ill/ 4 -4 -16 64 
30-33 ~~/ 3 -5 -15 75 26-29 2 -6 -12 72 
Totals 54 
i 
54 /12 562 
{calculations on next page) 
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Calculations to Table 5: 
M = A. M. f FD x o.r. S.D. = J~2 · _ (~)ax c.r. N 
M = 52 .jl2 X 4 S.D. = j~- (~)2 X 4 b4 
M = 52 1 o.222 X 4 S.D. = j 10.4 - .048 X 4 
M = 52.888 (Or 53) s·.n. = 12.88 (Or 13) 
dents who took this test had raw scores ranging from 26 to 
77. The arithmetical mean was 53, a gain or 24 over the mean 
on the pretest. The standard deviation on the teat was 13, a 
slightly greater range than that or the pretest. 
In order to find the mean and deviation or all the indiv-
idual gains made by the pupils on the final test over and a-
bove their raw scores on the pretest, the writer calculated 
as shown in Table 6. The range of gains was from a low of 3 
to a high of 39. The arithmetical mean or gains calculated 
for t he 52 students who took the pretest was 24. The stand-
ard deviation or all gains came to 10. 
The information obtained from Table 4 concerning the pre-
test was used to formulate the histogram and relative-growth 
scale shown in Figure 2. The mid-point of the relative-growth 
scale was designated 30, the arit hmetical mean. This mean 
also represented the mid-point of a segment designating one 
standard deviation or 11. All five se gments were equal in 
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Table 6. Computation of the Arithmetical Mean and Standard 
Deviation on Gains Made by 52 Students on an 80 Item 
Final Test over Scores Earned when taken as a Pre-
test 
' 
Fre- Fre-
Class Fre- De vi- quency quency 
Interval Tallies quency at ion De vi- De vi-
ation at ion Squared 
{1) (2,) (3} ( 4:) ( S.) {6) 
39-41 II 2 f6 fl2 72. 
36-38 f{/; Ill/ 5 f5 12s 12:5 33-35 a f4 ,t~ 32 30.;.;32. 9 13 81 
27-29 ~11 4 f2. Is ~6 24-26 3 fl f3 3 
21-23 wlflj 10 0 0 0 18-2.0 4 -1 -4 4 
15-17 2 -2 -4 8 
12-14 Ill 3 -3 -9 2:7 
9-11 II 2. -4 -8 32 
6-8 II 2. -5 -10 50 
3-5 /Ill '4 -6 -24 ~44 
Totals 52 52. f24 594 
M : A.M. f FD N x c.r. S.D. = )rf2 (~)2 x o.r. 
M - 22.5 t ~X 3 S.D. - /~~4 (~~) 2 X 3 -
M - 22.5 I 0.461 X 3 S.D. = jll.42 .212 X 3 
M = 23.88 (Or 24) S.D. - 10.05 (Or 10) 
length. On a line so constructed, the mid-point of one divi-
sion was removed from that of an adjacent division by one 
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standard deviation. The histogram is based on the tallied 
raw scores falling their respective deviations from the mean. 
Actual distribution of the 52 pupils who took the pretest 
placed: 3 pupils in Group I; 10 pupils in Group II; 26 pupils 
Group III 
26 pupils 
---
-
Group IV Gro_up g_ 
11 pupils 
10 pupils 
Groui' V Group I 
3 pupils 2 pupils 
II 
' 
Actual distribution of pupil growth 
{Red lines represent a no~l distribution) 
( 
~ ~ I {63) 
lim fHj IIW lffl II /HI fHJ I II 
Tallies 
12-113 
29 
23124 • 34,35 
Relative-growtn scale 
Figure 2. Histogram and Relative-growth Scale constructed 
from Results of an 80 Item Pretest given to 52 
Ninth-grade General Science Students on the Top-
ic Simple Machines 
·-
56_1 
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in Group III; 11 pupils in Group IV; and 2 pupils in Group v. 
A normal distribution would have placed: 4 pupils in Group I; 
12 pupils in Group II; 20 pupils in Group III; 12 pupils in 
Group IV; and 4 pupils in Group v. 
Another histogram and relative-growth scale based on the 
information from Table 5 concerning the 54 students who took 
Group III 
Group II 
1 17 pupils 17 pupils 
Group IV 
r-
12 pupils 
Group V 
Groul' I 
5 pupils 3 pupils 
Actual distribution of pupil growth 
(Red lines represent a normal distribution) 
~II ~II I!W m; I !HI !HI I Ill 
Tallies 
1-
33,34 53 I • 5960 8sl 
Relative-growth scale 
Figure 3. Histogram and Relative-growth Scale constructed 
from Results of an 80 Item Final Test given to 54 
Ninth-grade General Science Students on the Topie 
Simple Machines 
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the final test as shown in Figure 3. The tallies along the 
relative-growth scale with a mean of 53 placed: 3 pupils in 
Group I; 17 pupils in Group II; 17 pupils in Group III; 12 
pupils in Group IV; and 5 pupils in Group v. A normal dis-
tribution would have placed:. 4 pupils in Group I; 13 pupils 
in Group II; 20 pupils in Group III; 13 pupils in Group ~Y; 
and 4 pupils in Group v. 
lo 
Group III 
21 pupils 
Group II 
16 pupils 
Group IV 
Group V 
7 pupils Group I 
6 pupils 
2~ pupils 
, . I Actual aistr~bution of pupil growth 
(Red lines represent a normal distribution) 
IN./ I .IJW/1 
/'H./ l7i/ fNI I I!W /Nj II fNJ l'flj II 
Tallies 
18 119 
2
: 28,2:9 
Relative-growth scale 
Figure 4. Histogram and Relative-growth Scale constructed 
from Gains made in 52 Final Test Scores over and 
above Pretest Scores 
1 i 
l 
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Figure 4 is a histogram and relative-growth scale based 
on the actual gains made by 52 students on the final test over 
and above their pretest scores and based on information taken 
from Table 6. The tallies of all individual gains were dis-
tributed as follows: 2 pupils in Group I; 16 pupils in Group 
II; 21 pupils in Group III; 7 pupils in Group IV; and 6 pupils 
in Group v. A normal distribution would have distributed the 
gains in the following manner: 4 pupils in Group I; 12 pupils 
in Group II; 20 pupils in Group III; 12 pupils in Group IV; 
and 4 pupils in Group v. 
2. Student Evaluation 
The pupils' Inquiry Form.-- The Inquiry Form for student 
opinion on the method used in studying the topic Simple Ma-
chines enabled the writer to gain insight on student reaction 
to various aspects of the unit. He was interested also in 
their evaluation of the unit's presentation, to what degree 
it met their needs, and what t~ey thought of the manner in 
which it was administered. The students were asked to be con-
structive in their criticisms. They signed their names to the 
questionnaire at their own discretion and were so advised, 
for the writer wished sincerity without feeling of recall 
above everything else on the part of the student. Table 7 lists 
the first 24 items in the inquiry and tabulates the responses 
of all 54 students to them. 
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Table 7. Tabulation of Responses to the First 24 Items of an 
Inquiry Form administered to 54 Students for Their 
Opinions on the Unit Method 
I I Number ,Who Responded 
Item 
(1) 
1. Did you find value in the use 
of the general study guide? ••••• 
2. Did the plan of' the general 
study guide consider the pupil 
with less ability as well as 
him with more ability? •••••••••• 
3. Did you have to do much memo-
rizing? ••••••••••••••••••••••••• 
4. Did you eventually come to un-
derstand the wording of the gen-
eral study guide? ••••••••••••••• 
5. was there time wasted in unre-
lated material? ••••••••••••••••• 
6. was oral expression encouraged 
throughout the unit? •••••••••••• 
7. was the review of tbe general 
study guide adequate? ••••••••••• 
8. Was the unit as a whole too 
long?••••••••••••••••••••••••••• 
9. Was the general study guide an 
aid to better understanding? •••• 
10. Were you able to work out the 
items of the general activity 
guide without too much diffi-
Yes 
41 
31 
17 
46 
23 
24 
43 
24 
42 
culty?•••••••••••••••••••••••••• 31 
(continued on next page) 
No 
{3} (4) 
12 1 
19 4 
37 0 
8 0 
31 0 
28 2 
10 1 
30 0 
8 4 
23 0 
Table 7. (continued) 
Item 
(1) 
11. Was too much responsibility 
placed on you, for planning 
and accomplishing your own 
work?•••••••••··~············· 
12. Were the items on the general 
activity quide challenging? •.•• 
13. Did you like the idea of the 
long term assignment? ••••••••• 
14. Were all directions of the 
unit clearly stated? •••••••••• 
15. Was there too much written 
work? •••••••• ••••••••.•.••••.• 
16. were the demonstrations 
clearly presented? •••••••••••• 
17. Did the plan as a whole en-
courage copying? •••••••••••••• 
18. Did you favor the use of 
classroom references? ••••••••• 
19 •. Were incorrect ideas harbored 
too long before correction? ••• 
20. Were the optional-related 
activities challenging and 
interesting? •••••••••••••••••• 
21. Did the pretest stimulate 
your interest in machines? •••• 
22. was the final teat diff'icult?. 
Number Who Responded 
Yea No ? 
(2) (3} 
11 43 
12 
26 27 
40 12 
23 30 
27 24 
19 32 
38 15 
22 27 
35 13 
27 26 
19 30 
(4) 
0 
3 
1 
2 
1 
3 
3 
1 
5 
6 
1 
5 
(concluded on next page) 
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Table 7. (concluded) 
Nwnber Who Responded 
Item Yea No "l 
(1) (2,) (3) ( 4:) 
23. Did the f'inal test cover 
more material tb.an tb.e gen-
eral activity guide did? •••••• 5 49 0 
24. Would you have preferred 
more testa or quizzes during 
the progressing unit? ••••••••• 28 26 0 
In Table 8 the responses of the 54 pupils to items 25 
through 33 on the inquiry are listed in column (2). The com-
menta in this column are arranged in descending order accord-
ing to frequency of mention. Column (3) designates the num-
ber oi' pupils wb.o made such comments. Only the moat numer-
ously mentioned responses of tb.e students are listed. Tb.ere 
were several comments of an individualistic nature that would 
neitb.er add to nor detract from the problem at b.and. It is 
to be noted that the general attitude developed toward the 
unit method was favorable. The unit of work with its empha-
sis on student planni ng and the importance of self-direction 
was a new and for most students an interesting experience. 
__ High on the list of' t hings liked most by the students were 
_ the demonstrations, the use of reference books, and the use 
of the general study guide. 
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Table 8. Tabulation of Responses to the Last 9 Items of an 
Inquiry Form admin i stered to 54 Students for Their 
Opini ons on the Unit Method 
Item 
(1) 
25. What did you like 
most about the 
method used in the 
study of Simple 
l\llac hines? 
26. What did you like 
least about the 
method used in the 
study of Simple 
Machines? 
27. What aspect did 
you find easiest 
about the method 
of study? 
28. What aspect did 
you find most dif-
ficult about the 
method of study? 
Responses 
(2) 
a. The use of the general 
study guide. 
b. ~he demonstrations. 
c. The long-term assign-
ment. 
d. In general, an easier 
method. 
e. Use of diagrams and 
drawings. 
f. Use of many reference 
books. 
a. The formula and prob-
lem work. 
b. Use of a general study 
quide. 
c. Too much written work . 
d. Insufficient explana-
tions. 
a. Use of the many refer-
ence books. 
b. Suff icient time given 
to individuals for work . 
c. Use of the general ac-
tivity guide. 
d. The problem work. 
e. Teacher explanations 
f. Written work done in 
class 
a. The formulas and prob-
lems. 
b. Nothing really diffi-
cult. 
c. Insufficient number of 
each reference book. 
d. Too much written work. 
Fre-
quency 
(3) 
9 
8 
8 
5 
4 
4 
20 
6 
4 
3 
8 
8 
7 
5 
4 
4 
28 
5 
3 
3 
(concluded on next page) 
Table 8. (concluded) 
29. 
30. 
31. 
32. 
33. 
Item 
(1) 
What was the most 
interesting aspect 
of the method of 
study? 
What was the most 
uninteresting as-
pect of the method 
of study? 
What seems most 
useful or valuable 
about the method 
used? 
What seemed least 
useful or valuable 
about the method 
used? 
What suggestions 
do you have for the 
improvement of the 
method used in 
studying the unit 
on Simple Machines? 
Responses 
(2) 
a. The -demonstrations. 
b. How machines actually 
do work. 
c. The written work. 
d. Problems and equations. 
e. The diagrams and draw-
ings. 
a. The problem work. 
b. Individual work on gen-
eral activity guides. 
c. The written work re-
quired. 
d. The oral reports. 
a •• use of the general 
study guide. 
b. Responsibility placed 
on student for work 
done. 
c. Solving the problems. 
d. Nothing really useful. 
e. Clearly presented ma-
terial. 
a. Equations and problem 
work. 
b. Too much written work 
required. 
c. Use of reference books. 
d. Nothing really useless. 
e. use of the general ac-
tivity guide. 
a. More time to be spent 
on problem work. 
b. More short tests or 
quizzes during the unit. 
c. Revert back to the old-
er one--textbook method. 
d. Mimeograph typical 
problems with answers. 
Fre-
quency-
{3) 
11 
11 
4 
4 
3 
18 
7 
3 
3 
8 
7 
7 
5 
3 
11 
5 
5 
3 
3 
7 
6 
6 
6 
89 
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3. Pooling and Sharing Agenda 
Report on pupil summarization:-- During the laboratory 
phase of the unit of work pupils were active in group and in-
dividual study. The items of the general activity guide were 
solved to varying degrees of proficiency. As elsewhere stated, 
groups worked on unstarred items of the guide. Any items by 
groups that were of a demonstrative nature were covered at 
various points during the unit thereby insuring to some extent 
pooling and sharing even during the laboratory phase. 
For a dissemination of unatarred items done in groups, 
each committee chose a chairman who pointed out to the entire 
clase the material covered by his respective group. Aid was 
given by the teacher for better understanding of difficult 
areas, especially problematic work. It was found that even 
preparation by superior students often lacked emphasis on un-
derlying principles. There were 32 items undesignated by as-
tericks, therefore review of these items took a considerable y 
amount of time. 
Students also reported individually on optional-related 
activities in which they had the time and desire to delve. 
Models showing application of simple mechanical principles 
were numerous. Such items as water wheels, turbines, pulley 
arrangements, and wheel and axle devices were demonstrated by 
!/For an extensive list of activities see: Anderson, Henry c. 
N.,source Unit on Machines, Unpublished Service Paper, Boston 
University, 1950. 
91 
their builders. Some of these accomplishments are shown in 
Pl~te 1. Other models incorporated more than one simple ma-
chine function thereby giving some evidence of compound un-
derstanding. Oral reports on new inventions and modern ma-
chines were given as well as were reports on many great men 
of science in the past. 
Plate 1. Photograph Showing Evidence 
of Student Achievement in the 
Topic Simple Machines 
There was a final period of general summarization before 
the day of the final test during which time the teacher an-
swered all queries pertaining to any aspect of the unit. Notes 
were .assembled and all extra-activities were accounted for. 
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Before the final test was administered all individual and 
group written work was collected and later inspected. 
4. The Writer's Appraisal 
Preferable modifidations.-- No teacher-built unit, no 
matter bow judiciously constructed, can be counted as a tot-
ally successful implement in all its parts to be used over 
again with no revision. After the unit was presented and e-
valuated it became evident to the writer that certain areas 
of it should be revised and considerable changes in present-
ation and development during the laboratory phase should be 
made before any future use. Some areas of learning seemed 
weak, students bad a difficult time grasping the material at 
these places even when it was broken down and simplified by 
items of the general study guide. Concentration on such areas 
would seem imperative. Certain suggested changes on various y 
parts of the unit of work and the unit of learning follow. 
Revision of the general activity guide.-- The final test 
showed that weaknesses on problem work still were dominant. 
Wherever problems appear in the general activity guide tbey 
should be augmented by mimeographed example problems to be 
passed out to and done by all students. After considerable 
time has been spent on these problems a second duplicated 
!/Many such changes were influenced by student evaluation of 
the unit method as stated. in the Inquiry Form, a copy of which 
as actually presented will be found in the Appendix. 
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sheet of proper solutions to the problems would be given to 
each student. Thus, each would be furnished an accurate out-
line of problems. 
On the optional-related activities.-- To these should be 
added items of a higher order than some of those presently 
listed. These additions would prove more stimulating and 
challenging to the superior student. Though the teacher should 
not plan an entire optional-related activity for the student, 
more plans of models should be incorporated. Studants often 
express desires to make something but just do not know where 
and bow to start. 
The reference-book list.-- The number of different books 
on the student's reference list seemed adequate but the stu-
dents showed disappointment over the fact that in most cases 
there was only one copy of each text. In a school of this 
size it seems reasonable to assume that at least 3 or 4 copies 
of a good reference be readily available. 
On progress testing.-- Many students felt that bad there 
been more quizzes or progress tests given throughout the de-
veloping unit of work they would have been better prepared 
for the problem work on the final test. Considerable practice 
work was assigned on mathematical significances during the 
unit. To insure some sense of accomplishment in each student 
the writer feels that perhaps a quiz on any one simple machine 
would be in order after that machine has been duly considered 
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in the general activity guide. 
In conclusion.-- This goal seemed a long way off when 
the initial objective " •••• of applying in a specific situation 
those principles of unit teaching so set forth in •••• " was 
first encountered. Through such a study as this, however, one 
arrives at a realization and an appreciation of the importance 
of the sound, basic structure on which the unit method is 
built. It encompasses such a vast store of proper teaching 
procedures that one is continually faced with the problems of 
(1) self-appraisal, (2) modification of past-performances, 
(3) weighing validity with superficiality, and (4) revision 
versus replacement. So be the c~se with any procedure that 
truly: 
1. Differentiates between the slow and the fast learner 
2. Is integrated with the student's other courses, his 
extra-curriculum, and his out-of-school life 
3. Works toward satisfying the pupil's interest, desires, 
and needs 
4. Tends to de.:velop desirable attitudes, thought process-
es, and ideals 
5. Makes use of the student's capabilities 
6. Considers the whole child physically, mentally, and 
emotionally. 
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and supplies. Proper guidance in the use of audio-
visual aids. 
6. McGhee, William Robertson, Unit Organization of the Topic 
Exponents and Radicals, Intermediate Algebra, Unpub-
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PP• XV f 798. 
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of view of the superintendent and the board of educa-
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